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Why Should we Care? Why Should we Care? 
(54 ± 9) % of Baryons are missing!

•• Find the Find the ‘‘Missing BaryonsMissing Baryons’’ and verify theoryand verify theory
•• Ecology of the Universe Ecology of the Universe (Metal Pollution)(Metal Pollution)

–– Absolute Absolute (needs UV)(needs UV) and Relative and Relative MetallicitiesMetallicities. . 
–– Galaxy Galaxy SuperwindsSuperwinds (SN) (SN) vsvs AGN winds, jetsAGN winds, jets
–– NucleosynthesisNucleosynthesis

•• Heating History of the UniverseHeating History of the Universe
•• Cosmological parameters Cosmological parameters from density fluctuations of from density fluctuations of 

WHIM filaments (1WHIM filaments (1--10 10 MpcMpc at z=0at z=0--2): 2): > 10> 1033 systems neededsystems needed
–– LGLG--WHIM WHIM is a biased measure is a biased measure -- Need z>0 WHIM absorbers to measure Need z>0 WHIM absorbers to measure ΩΩbb

•• Local Group WHIM and Galaxy formationLocal Group WHIM and Galaxy formation
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WHIM Filaments are FaintWHIM Filaments are Faint

•• Size:Size: ∆∆R R ~ 1 ~ 1 MpcMpc
•• Density:Density: nnbb ~ 10~ 10--66--1010--55 cmcm--33

•• Temperature:Temperature: T ~ 10T ~ 1066 K ;K ; ξξOVIIOVII ~ 1~ 1

•• MetallicityMetallicity:: Z ~ 0.1 ZZ ~ 0.1 Z๏๏

=>  =>  OVIIOVII--Forest Column Density:Forest Column Density:
NNOVIIOVII ~ ~ nnbbξξOVIIOVIIZZOO∆∆R ~ 2.6x(10R ~ 2.6x(101414--10101515) cm) cm--22
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Instrumental RequirementsInstrumental Requirements

WOVII ≈ 3×10−18(1+ z)2NOVII ≈ 0.8 − 8 (1+ z)2 mA
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Aeff(RGS) ~ 40 Aeff(LETG) @ 0.5 keV

Con-X-RGS

20 ks

50 ks

and Conand Con--XX--RGSRGS
Required Exposure with Current Required Exposure with Current 
SpectrometersSpectrometers……

•• Exceptionally high quality Exceptionally high quality XX--ray spectra of ray spectra of 
background AGN are needed. background AGN are needed. 

Brightest Sys



2/28/20062/28/2006 ConstellationConstellation--X FST (Cambridge, MA; F. Nicastro)X FST (Cambridge, MA; F. Nicastro)

MknMkn 421 (z=0.03): 421 (z=0.03): 
WHIM and ISM  WHIM and ISM  

Local Group 
WHIM?

<z>=0.011
WHIM

<z>=0.027
WHIM

(Nicastro et al., 2005, Nature, 433,495; Nicastro et al., 2005, ApJ; Williams et al., 2005, ApJ, in press)

Chandra TOOs: 
6000 CPREs
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MknMkn 421: XMM421: XMM--NewtonNewton--RGSRGS

15000 CPREs! ~ 2.5 x LETG

1. 20-60 % of ∆z blocked by 
instrumental features

2. Resolution > 2 x poorer in 
the line wings

3. Fixed-pattern noise at         
λ>29 A

(Williams, Mathur, Nicastro & Elvis, 2006, ApJ, submitted)
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1ES 1028+511 (z=0.361)1ES 1028+511 (z=0.361)
Chandra-LETG: 149 ks

F0.3-2 = 0.8 mCrab

Sensitive to CV-Forest:
λ~44-52 => ∆z=0.2

CPRE(20-30;44-52)=60

XMM-Newton RGS: 195 ks
F0.3-2 = 0.5 mCrab

18 % of ∆z(OVII) is blocked
Left-right contiguous resolution elements 

Adds up to ~ 60 % blocking factor!
CPRE(20-24;30-36)=45; CPRE(24-30)=75
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LETG & RGS ResolutionsLETG & RGS Resolutions

FW1/3M=110 mA

FW1/3M ~70 mA

Rcore(RGS) ~ Rcore(LETG) = 50 mA
Rwings(RGS) ~ 2 Rwings(LETG) = 140 mA



2/28/20062/28/2006 ConstellationConstellation--X FST (Cambridge, MA; F. Nicastro)X FST (Cambridge, MA; F. Nicastro)

Advantage of longAdvantage of long--wavelength wavelength 
coveragecoverage

  

N He− like
Thres ≈1.1×1018 Nσ

3
⎛ 
⎝ 
⎜ 

⎞ 
⎠ 
⎟ 

∆λ(mA
o

)
50

⎛ 

⎝ 

⎜ 
⎜ 

⎞ 

⎠ 

⎟ 
⎟ 

500
CPRE

λ−2

=> NCVI/NOVII ~ 3.5

NOVII
2σ >(5.0 − 9.3) ×1015 cm-2 NCV
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LETG Spectrum onlyLETG & RGS Spectra
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Number Density and Cosmological Mass Number Density and Cosmological Mass 
Density of  WHIMDensity of  WHIM
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Consistent with Consistent with ΩΩmissingmissing =2.5 =2.5 ±± 0.40.4

Short-term Prospects

+40 %

-30 %

(Nicastro et al., 2005, Nature, 433, 495; Nicastro et al., 2006, in prep.)
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LongLong--Term ProspectsTerm Prospects
•• Long Term: mapping the WHIM up to z~1:                        Long Term: mapping the WHIM up to z~1:                        

needs high throughput and spectral resolution.  needs high throughput and spectral resolution.  
•• Tens to hundreds systems would enable: Tens to hundreds systems would enable: 

–– ΩΩb b ®® and and ddNN/dz/dz to better than few/tens %to better than few/tens %
–– WHIM density in galaxy WHIM density in galaxy voidsvoids vsvs galaxy galaxy overdensitiesoverdensities
–– MultiMulti--phase studies phase studies ®® ®® ®®

•• Hundreds to Thousands of Systems would enable:  Hundreds to Thousands of Systems would enable:  
–– ΩΩb b ®® and and ddNN/dz/dz to better than few tenth of %to better than few tenth of %
–– Cosmological Parameters (density fluctuations) Cosmological Parameters (density fluctuations) 
–– DarkDark--Matter MapsMatter Maps
–– MetallicityMetallicity History: History: dZ/dzdZ/dz (Ecology of the Universe) (needs UV) (Ecology of the Universe) (needs UV) ®®
–– IGM/galaxy/AGN Feedback IGM/galaxy/AGN Feedback 
–– Heating History of the Universe (Heating History of the Universe (dT/dzdT/dz) ) ®®
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ConCon--X & the WHIM: X & the WHIM: DetectabilityDetectability
High Spectral Resolution &  LowHigh Spectral Resolution &  Low--Energy CoverageEnergy Coverage

Exp = 1.5  Ms; F0.5-2 = 1 mCrab

From z~0 dN/dzdNOVII (Fang et al., 2002) extrapolating to z=1 ==> 48 systems

∆λ=4mA

∆λ=40 mA

[Ideal Gaussian LSF]R=300 @ 0.6 keV <==> ∆λ=70 mA
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DetectabilityDetectability

Exp = 250 ks; F0.5-2 = 1 mCrab
∆λ=4 mA ∆λ=12.5 mA

R>1000 at 12 A guarantees detection of > 80 % OVII systems
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Saturated lines: b and Saturated lines: b and NNionion
NOVII = 5 x 1015; b= [(btherm)2 + (bturb)2]0.5 = 48 km/s

R=1000 at 12 A allows Nion-b decoupling only for brightest OVII systems
Higher R needed!

∆λ=4 mA
48 km/s ∆λ=12.5 mA
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Relative Relative MetallicityMetallicity

∆λ=4 mA
∆λ=12.5 mA

Needs R > 3000 at 12.4 A
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Multiphase WHIMMultiphase WHIM
∆λ=4 mA

2 WHIM phase in pressure eq.
Total extension 2.2 Mpc along the 

line of sight

Start to be resolved at R>3000 at 
1 keV



ConclusionsConclusions
•A=1500 cm2 R=200 @ 1 keV (Con-X baseline): 

•detects tens OVII systems along 2 dozens of low-z sightlines (F0.5-2>1 
mCrab)
•Measures dN/dzdNOVII and Ωb at bettter than 30-40 % (but Ωb depends 
critically on: (a) ionization correction, and (b) relative metallicity)

•A=3000 cm2 R=1000 @ 1 keV: 
•Detects hundred(s) of WHIM systems along ~ 100 sightlines (F0.5-2 > 0.1-
0.5 mCrab)
•Measures dN/dzdNOVII and Ωb at bettter than few %
•Ionization correction and metallicity estimates for the strongest OVII 
systems (NOVII >~ 1015 cm-2)

•A=3000 cm2 R>=3000 @ 1 keV (50 km/s <==> O thermal velocity)
•Accurate Ion column density measurements for 80 % of H-like and He-
like C, N, O and Ne ==> Ionization correction and relative metallicity
==> accurate Ωb estimates
•Accurate temperature estimates ==> measuring internal turbulence and 
local bulk motion for C, N and O
•Minimizes confusion due to overlapping lines from different systems
•Starts resolving phases
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